Mitral Valve Repair  by Cohn, Lawrence H.
Mitral Valve Repair 
Lawrence H. Cohn 
The evolution of the surgical treatment for mitral valve 
disease began in 1902, when Brunton’ became frus- 
trated by the morbid prognosis of patients with mitral 
stenosis and suggested the feasibility of a surgical 
approach to an obviously stenotic mitral valve. Physi- 
cians, at that time, rebuked his concept because it was 
thought that heart failure in mitral stenosis was because 
of myocardial failure rather than a mechanical prob- 
lem. In the early years of this century, there were a 
number of surgeons who contributed to the production 
and relief of experimental mitral stenosis. Allen and 
Graham,2 for example, performed animal experiments 
using a cardioscope to see the valve without extracorpo- 
real circulation in the early 1920s. In 1923 at the Peter 
Bent Brigham Hospital, Boston, MA, Cutler performed 
a transventricular commissurotomy, using a tenotomy 
knife, on a 12-year-old girl with end stage mitral 
s t en~s i s .~  He then developed a procedure using a 
cardio-valvulotome, which was used on six more pa- 
tients in the 19209, ultimately proving fatal because of 
the production of severe mitral regurgitation. In 1925, 
Souttar4 treated a patient with a stenotic mitral valve by 
a classic finger dilatation technique to open fused 
commissures, a technique that, ultimately, became a 
preferred technique after World War 11. Also after 
World War 11, Harken et a15 and Bailey and Hirose6 
described methods of relieving mitral stenosis without 
using extracorporeal circulation. But it wasn’t until 
1954, after Gibbon developed the first successful heart/ 
lung machine, that intracardiac techniques could be 
used to directly see and treat mitral stenosis in a 
relatively bloodless field. 
In the late 1950s, Lillehei et al,? Merendino et a1,* and 
Mcgoon9 devised mitral valvuloplasty techniques using 
cardiopulmonary bypass, some of the elements of which 
are used today. 
After the introduction of the first successful pros- 
thetic mitral valve (Starr Edwards, Edwards Lab, 
Irvine, CA) in 1961,1° mitral valve replacement rapidly 
became the procedure of choice for mitral insufficiency. 
The techniques for mitral valve reconstruction took a 
back seat to the easily reproducible technique associ- 
ated with the complete excision of the valve and 
insertion of a prosthetic device. However, problems 
with prosthetic-related thromboembolism, anti-coagula- 
tion, the increasing awareness of the problems of 
excision of the papillary muscle chordal, and interac- 
tion leading to low cardiac output were discerned after 
the large numbers of patients underwent mitral valve 
replacement with a prosthetic valve. Despite the enor- 
mous popularity of this valve operation in the 1960s, a 
number of surgeons continued to work with mitral valve 
reconstruction, maintaining that the repaired valve was 
structurally sound and obviated all of the problems 
associated with excision of the valve and prosthetic or 
bioprosthetic replacement. For example, Wooler et a1,l1 
Kay and Egerton,12 and Reed et all3 all developed their 
personal mitral valvuloplasty operations, some of which 
are still used today. This is a result of the satisfactory 
long-term results reported with these techniques, as 
well as the maintainence of ventricular function, and in 
some situations improvement of it because of the preser- 
vation of the papillary muscles. 
Carpentier et al,14 in 1971, and Duran and Ubago,15 
in 1976, were the first to use reconstructive techniques 
in combination with a prosthetic valvuloplasty stabiliz- 
ing remodeling ring. These rings have now been shown 
to add to the stability of the repair, and most impor- 
tantly, reproducibility of these operations. Thus, repro- 
ducibility and a prosthetic framework on which to base 
the reconstruction increased the popularity and the use 
of these techniques enormously. Concurrent to this was 
the development of bioprosthetic valves for mitral valve 
replacement, which obviated, in many instances, the 
thromboembolic and anticoagulation complications of 
prosthetic valves. I t  was soon apparent, however, that 
these devices had a durability problem and would 
require reoperation over time. The report by Car- 
pentier, who was the honored guest lecturer at the 
American Association of Thoracic Surgery in 1982,16 
and his associates, in which they summarized 10 years 
of work on mitral valve reparative techniques, citing 
long-term results and solidifying the reproducibility 
based on a very solid patho-anatomic data, stimulated 
many American surgeons to involve themselves in com- 
prehensive and prospective reparative treatment of 
mitral valve regurgitation. Since that time, a number of 
units in the country, including Brigham and Women’s 
Hospital, began the routine treatment of myxomatous 
floppy valves, ischemic mitral regurgitation, rheumatic 
mitral regurgitation, and infectious mitral regurgitation 
in an increasingly aggressive and efficacious manner. 
Beginning in 1984, approximately 1,000 patients at 
the Brigham and Women’s Hospital have undergone 
mitral valve repair, excluding reoperations or perivalvu- 
lar leaks. Approximately 50% of these patients have 
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had repairs for myxomatous degeneration of floppy 
mitral ~a1ves . l~  About 250 have had operations for 
ischemic mitral regurgitation,l* primarily as a result of 
functional dilatation of the mitral annulus, whereas the 
remainder have been split between rheumatic, endocar- 
ditic, and a few congenital lesions. 
Mitral valve repair is the treatment of choice for the 
floppy or myxomatous degenerated valve and should be 
able to be accomplished in about 95% of cases, whether 
or not the anterior, posterior, or both leaflets are 
involved. Ischemic mitral regurgitation, usually second- 
ary to functional dilatation, but occasionally as a result 
of isolated anatomical abnormalities, should also be 
repairable in more than 90% of cases. The probability 
of repair diminishes as the patient’s disease becomes 
more severe, particularly in terms of distortion of the 
basic anatomical elements of the mitral valve apparatus 
by calcification or by bileaflet disease. Regardless, 
many patients who have streptococcal endocarditis and 
only a ruptured chordae can be treated in a similar 
fashion to other reparative patients. Even floppy valves, 
with horseshoe annular calcification, can be treated by 
mitral valve repair, which will be shown in Surgical 
Technique with techniques that effectively remove the 
calcium and then allow for routine reconstructive 
techniques. 
The mitral repair reparative techniques shown in this 
report will emphasize an approximation of the height of 
the two leaflets of the mitral valve, a reduction of severe 
prolapse (wherever it may occur) by a variety of 
techniques, and support of these reparative techniques 
by placement of the annuloplasty ring. There is stiU 
some controversy as to whether or not an annuloplasty 
ring is required in all patients undergoing mitral valve 
repair. l9 It is true that in some instances, particularly in 
very acute mitral regurgitation, a primary repair with- 
out a ring may be performed. This is also common in 
patients with endocarditis, because the annulus is not 
dilated and avoidance of prosthetic material in an 
infected field is desirable. Most series by expert mitral 
valve repair surgeons have suggested that the support 
provided by these rings is helpful for the longevity of the 
repair and the stabilization of the annulus, which may 
become grossly altered in many ways because of long- 
standing dilatation secondary to severe mitral regurgita- 
tion. 
A new concept for mitral valve repair was introduced 
in the 1996; in patients without coronary artery disease, 
this repair may be performed through minimally inva- 
sive incisions.20,21 A variety of approaches have been 
described but, we will show our current technique of 
right-parasternal transseptal approach. The trend to- 
ward minimally invasive mitral valve surgery has been 
increasing and may serve as a paradigm for the future 
because it appears to improve patient outcome, reduce 
cost, and yet maintain the same quality of the opera- 
tion. This data will be discussed in the final section. 
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SURGICAL TECHNIQUE 
Operative preparation, cardiopulmonary bypass cannu- 
lation, and incision. Preoperative preparation of pa- 
tients undergoing mitral valve surgery usually consists 
of a coronary arteriogram in patients older than 40 
years of age. In most younger patients, however, the 
clinical symptoms of congestion and/or the echocardio- 
graphic findings of severe mitral regurgitation that 
show a prolapsed mitral valve or enlarged left ventricle 
and left atrium dimensions, are indications for surgery. 
The new onset atrial fibrillation, systemic embolus, and 
endocarditis history are less common, but are also 
strong indications for mitral valve repair. 
1 Standard incision: Complete median sternotomy. Cardiopul- 
monary bypass i s  accomplished by the standard roller pump, 
oxygenerator, and venous reservoir. Bicaval cannulation is impor- 
tant to completely decompress the venous return to the right 
atrium, whether it be by the standard open technique through the 
left atrium or by the minimally invasive approach, which includes 
right atrial and septa1 approach to the left atrium (described later). 
Retraction of the left atrium in the open approach will obstruct 
superior vena cava (SVC) drainage, unless the SVC is cannulated. 
Myocardial protection is by a combination of antegrade and 
retrograde cold hyperkalemic blood cardioplegia. In patients with 
aortic regurgitation or concurrent coronary disease, retrograde 
cardioplegia through the coronary sinus is mandatory. 
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2 Minimally invasive incision: Right parasternal. Beginning in 1996, 
minimally invasive mitral-valve surgery has been used for mitral valve 
repair and replacement in patients without chest wall deformities, coronary 
artery disease, or class IV functional status. We use a right parasternal 
incision, resecting a small portion of 3 and 4 costal cartilage (A). With the 
minimally invasive techni,que, cannulation of the groin vessels (femoral 
artery and vein) has been performed frequently, but has been revised to 
allow for minimal wound and vascular complications. The groin incision (B) 
is now placed parallel to the groin crease and is only 5 cm long. The artery 
and vein are exposed and after heparinization, the vein is cannulated using a 
purse string suture and a Gensini type catheterization introducing a 25F 
wire-reinforced biomedics catheter over a wire and then a dilator. This 
avoids transection of the venous vessel. The arterial cannula may be 
introduced by a small transverse cut down. Complications with these newer 
techniques and particularly with the smaller thinner-walled wire reinforced 
cannula, have reduced the complications dramatically (to less than 1%). 
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3 Lately, as the technological improvements have occurred with perfusion technol- 
ogy, we currently (February 1998) use a percutaneous transfemoral inferior vena 
cava cannula (21F, Biomedicus, Minneapolis, MN), a superior vena cava small-right 
angle (24F, Research Medical, Salt Lake City, UT) and a flexible transaortic cannula 
(Medtronic, Minneapolis, MN) placed through a small separate stab incision. This 
aortic cannula uses the concept of the flexible thin-walled wire-reinforced cannula 
and is advanced into the arch and descending thoracic aorta. Recently, the use of 
venous suction suggested by Cosgrove (personal communication, May 1998) has aided 
perfusion cannulation for the minimally invasive technique because it assists in the 
drainage and allows smaller diameter venous catheters to be safely used. 
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4 Mitral valve exposure. Using the standard median sternotomy, the 
optimal surgical exposure of the mitral valve is through the dome of the left 
atrium, having developed Sondergaards’s plane by blunt and sharp dissec- 
tion.22 Dissecting the right atrium off of the left atrium brings the operator 
closer to the mitral valve and enhances exposure (A). Using this approach, we 
have never had to use an additional incision because of inappropriate exposure. 
Sondergaard developed this incision in the 1950s as a technique to bring the 
operator closer to the atrial septum for closed atrial-septa3 defect closure.23 (B) 
shows the exposed mitral valve through the left atrial incision with retraction by 
Cosgrove stationary retractors. 
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5 
after exclusion of both inferior and superior vena cava. 
With the minimally invasive approach, we use a right atrial incision 
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6 When the right atrium is incised, an incision is made in the atrial septum 
through the fossae ovalis. Retraction sutures, on both the right atrium and the 
atrial septum of 2-0 silk, are then used to elevate the septum and to keep open the 
left atrium. The mitral vahe will then be exposed. 
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7 Repair of the ruptured chordae to prolapsed posterior leaflet. Ruptured 
chordae to the prolapsed posterior leaflet is the most common entity encountered 
in mitral-valve reparative surgery today. This is related to prolapse of the mitral 
valve and is found in approximately 90% of cases. This disease entity should be 
repairable in more than 90% of cases and is one that is the most reproducible. 
Reparative procedures are the treatments of choice and should be done by all 
cardiac surgeons with the current techniques available. For the purposes of 
landmarks, the mitral valve can be divided by the anatomic boundaries into 3 
segments for each leaflet, Al,  A2, A3 for the anterior and P1, P2 and P3 for the 
posterior leaflet (A). P2 is the most commonly affected segment of the posterior 
leaflet from prolapse and involves leaflet, chordal, and annular disease. 
Resection is the most common technique. We employ a 4-0 Prolene suture at the 
leading edge of the segment to put the segment to be excised on tension. We cut 
P2 with straight scissors as closely as we can, leaving all chordae to both P3 and 
P1 (B). Carpentier has shown us that the systolic anterior motion of the mitral 
valve following repair is because of the excessive height of the posterior leaflet,24 
therefore reparative techniques must reduce the residual height of the posterior 
leaflet to about 1 cm. In order to accommodate this sizing and not leave any 
significant tension on the leaflet to be approximated, we perform a modified 
leaflet advancement on every valve repair unless the segment to be excised is 
exceedingly small in width (C). This is performed by incising P3 for a short 
distance off the annulus and then using a 4-0 Prolene suture to reapproximate 
the leaflet to the annulus and obliterating the space between P1 and P3. 
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8 Starting at the lateral edge of the leaflet, we bring the height of the leaflet down 
by approximating the cut edge of the leaflet to the annulus. This foreshortens the 
annulus and decreases the height of the leaflet. This is done on both P1 and P3, each 
with a single 4-0 Prolene suture (A). We then have confluence of the two leaflets with 
two running 4-0 sutures pla'ced on tension at the annulus (B). Then to approximate 
the cut edges of the leaflets, which are now juxtapposed to each other, we use an 
additional 4-0 Prolene suture, or 5-0 Prolene suture if the leaflet is exceedingly 
fragile, and put a three throw knot at the leading edge of the posterior leaflet. 
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9 These two sutures are then rk down from the central orifice to the annulus with 
both needles and tied to the corresponding 4-0 Prolene suture that has been used to 
complete the leaflet advancement (A-B). Thus, at the conclusion, there are only two 
knots a t  the back of the cut edge and reapproximated posterior leaflet leading to a 
very smooth sutured area all with running Prolene sutures (C). We feel this 
contributes to a low incidence of postoperative thromboembolism because of the 
smooth nature of leaflet and lack of knots, pledgets, or  other extraneous foreign 
material. 
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10 After this, we examine the height of the 
repaired posterior leaflet with the corresponding 
edge of the anterior leaflet (Carpentier) to assess 
leaflet opposition. If these are reasonably similar, we 
then plan for annuloplasty ring placement. At pres- 
ent, we use the Cosgrove-Edwards annuloplasty 
ring5 because of the physiological principles that 
suggest the dilatation of the mitral annulus is primar- 
ily in the posterior annulus and, thus, this posterior 
remodeling annuloplasty ring should prevent dilata- 
tion and distortion of this important area. The 
anterior annulus is relatively fixed by the trigone of 
the aortic valve curtain and rarely needs attention. 
To size for this posterior ring, a sizing suture is 
placed at the extent of either side of the trigone of the 
mitral valve curtain. This is then used to match up 
the Carpentier-Edwards sizers' notches to the tri- 
gone sutures. 
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12 Special techniques. If there is residual mitral regurgita- 
tion it is usually because of prolapse of the anterior leaflet, 
especially at the commissures. Commissuroplasty stitches are 
often used to take a tuck in the prolapsed segment closest to the 
anterior commissure. (A) This tends to tighten the anterior leaflet, 
particularly in large floppy valves. (B) Often this is necessary in 
one or both commissures and may suffice as a technique to reduce 
the floppiness of the anterior leaflet. If it is not appropriate and 
the anterior leaflet disease is excessively prolapsed, either from 
ruptured chordae in the anterior leaflet or excessive volume of 
tissue, our next technique is to use the strategically placed gortex 
chordae to reduce the height of the anterior leaflet and match it up 
with the posterior leaflet. This is a technique that has been 
promulgated by Zussa et &26 Frater et al,2' and David.28 The use 
of the gortex chordae is less traumatic and more reproducible than 
other techniques to shorten chordae to the anterior leaflet mitral 
valve, such as the Carpentier trench technique29 or the flip-over 
technique to a move posterior leaflet to the anterior.30 
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13 (A) The 5-0 gortex sutures with pledges are used. These are 
attached in multiple places to the papillary muscles in both the posterior 
medial and anterior lateral papillary muscles (inset), numbering approxi- 
mately 2 to 4 and brought through the leading edge of the anterior 
leaflet. (B) With the left ventricle distended with fluid, the height of the 
anterior leaflet is determined and the suture tied down against a 
right-angle clamp. In most instances, it is preferable to leave these 
sutures longer rather than tying the gortex sutures too tight (which may 
happen when the hear& is flacid). We now prefer this to any resectional 
technique of the anterior leaflet or to shortening chordae by various 
papillary muscle manipulations. 
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14 Finally, there are techniques used for the more extensive cases, 
such as the calcified annulus with prolapse.31 In the latter situation, as 
shown in (A-B), the horseshoe calcification is actually below the annulus 
under the ventricular aspect of the mitral valve and can be removed as 
an entire block. Extraordinary care must be taken in doing this, because 
the left atrium can be dibconnected from the left ventricle and a 
separation in the posterior part of the heart can occur. We have 
preferred to remove the calcium, as shown in (C-D) by disconnecting the 
entire posterior leaflet and then with a pituitary rongeur, remove the 
calcium bit by bit in the areas where there might be excessive tension on 
the leaflet closure and advancement. 
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15 Left atrial closure. In the standard open technique, the left atrium is closed 
with a running 3-0 Prolene suture placed at either end and working toward the 
middle. The sutures are left untied until the aortic cross-clamp is removed in order to 
help evacuate air from the left atrium. In the trans-septa1 minimal approach, the 
atrial septum is approximated similarly with running 4-0 Prolene sutures and is left 
open until the aortic cross-clamp is removed and the air is evacuated. In  either 
approach, the left ventricle should be filled with fluid before removal of the 
cross-clamp to help dislodgement of intraventricular air. Once the cross-clamp has 
been removed, air is evacuated vigorously from the left atrium through the septum or  
the left atrium itself, and the sutures are tied. 
Transesophogeal echo has been very important in helping to monitor the clearing of 
air from the intracardiac structures. It is very useful in the open technique, but is 
mandatory in the minimally invasive technique where access to the entire cardiac 
structure is limited. Using this technique, clinical air embolus has been virtually 
eliminated in the last 10 years. 
Closure of the median sternotomy is standard after chest tubes are placed in the 
bleeding mediastinum and sternal wires are placed. For the minimally invasive 
approach we close with running 4-0 Prolene sutures as well. Peripheral decannula- 
tions are removed and the ascending aorta air vent is closed. The parasternal incision 
is closed by reapproximating, as close as possible, the small area of intercostal 
cartilage that has been removed and then closing the pectoral fascia tightly over this 
area to prevent any lung herniation. Subcutaneous and skin are then closed with 
absorbable subcuticular sutures. Chest tubes are placed in the inframammary 
incision and threaded very carefully into the right chest and into the pericardial 
cavity. Before closure, the pericardium is incised to about 1 cm above the phrenic 
nerve on the right so that there is excellent drainage of the pericardium into the right 
hemithorax to prevent postoperative pericardial effusion. 
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Comments 
Postoperative care of the patient undergoing mitral 
valve repair is similar to that of all patients undergoing 
open heart surgery, with attention to ventilation, electro- 
lytes, and postoperative bleeding. Patients can usually 
be extubated in the immediate postoperative period 
within 4 to 6 hours of return to the intensive care unit. 
Diuretic therapy is important for reducing the total 
amount of lung and body water as proved by the 
hemodilution cardiopulmonary bypass. A postopera- 
tive echocardiogram is done before the patient is 
discharged from the hospital, as well as a chest radio- 
graph. Patients in atrial fibrillation are restarted on 
oral anticoagulation, whereas, patients who are in sinus 
rhythm are given one aspirin a day. Should these 
patients go into atrial fibrillation, they are rapidly 
anticoagulated with oral warfarin and either sent home 
to be cardioverted later or treated in the hospital. 
Postoperatively, the occurence of new atrial fibrillation 
in patients with sinus rhythm is about 20%. 
The mortality for this procedure is now 1% for 
isolated mitral valve repair and under 4% if associated 
with coronary artery bypass surgery. The incidence of 
wound complications with either approach is exceed- 
ingly low, but in the minimally invasive surgery it is 
virtually nonexistent. Reoperative bleeding requiring 
re-exploration postoperatively is about 1%. The usual 
length of stay, in the vast majority of patients, is 4 to 6 
days, but tends to be shorter in those with the minimal 
ascess incision. 
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